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PRIMERS, METHODS AND KITS FOR AMPLIFYING OR DETECTING 
HUMAN LEUKOCYTE ANTIGEN ALLELES 



SUMMARY OF THE INVENTION 

[0001] Embodiments of the present invention are set forth below: 
[0002] A primer set comprising: 

primers that are capable of amplifying all human leukocyte antigen 
(HLA) alleles of an HLA locus; and 

a control primer pair that will produce an HLA control amplicon of 
predetermined size from the one or more HLA alleles if the one or more HLA alleles 
are present in the sample. 

[0003] The primer set of the previous paragraph wherein the portion of the 
HLA allele amplified by the control primer pair is common to all or substantially all 
HLA alleles. 

[0004] The primer set of paragraph [0002] or [0003] wherein the portion of 
the HLA allele amplified by the control primer pair comprises a portion of exon 4 of 
the HLA A locus or HLA B locus. 

[0005] The primer set of any one of paragraphs [0002] to [0004] wherein the 
HLA control amplicon is about 500, 600, 700, 800, 900 or 1000 base pairs in 
length. 

[0006] The primer set of any one of paragraphs [0002] to [0005) wherein the 
one or more HLA alleles are common to a single HLA locus. 

[0007] A method for amplifying an HLA allele comprising: 

performing a nucleic acid amplification reaction on a sample having or suspected of 

having one or more HLA alleles wherein the nucleic acid amplification reaction 
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comprises a primer set that is capable of amplifying one or more HLA alleles and a 
control primer pair that will produce an HLA control amplicon of predetermined size 
from the one or more HLA alleles if the one or more HLA alleles are present in the 
sample thereby providing an indication the presence of absence of HLA allele 
amplification. 

[00081 The method of the previous paragraph wherein the portion of the HLA 
allele amplified by the control primer pair is common to all or substantially all HLA 
alleles. 

[0009] The method of paragraphs [0007] or [0008] wherein the portion of the 
HLA allele amplified by the control primer pair comprises a portion of exon 4 of the 
HLA A locus or HLA B locus. 

[0010] The method of any one of paragraphs [0007] to [0009] wherein the 
HLA control amplicon is about 500, 600, 700, 800, 900 or 1000 base pairs in 
length. 

[001 1] The method of any one of paragraphs [0007] to [00010] wherein the 
one or more HLA alleles are common to a single HLA locus. 

[001 2] A primer set comprising: 

a mixture comprising a plurality of primers that are capable of simultaneously 
amplifying a plurality of a portion of class I HLA alleles simultaneously. 

[0013] The primer set of the previous paragraph wherein the plurality of Class 
I HLA alleles belong to the same HLA locus. 

[0014] The primer set of the previous paragraph wherein the HLA locus is 
HLA A or HLA B. 
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[001 5] The primer set of the previous paragraph wherein the plurality of 
primers are capable of producing two amplicons spanning all alleles from the HLA 
locus. 

[0016] The primer set of the previous paragraph wherein the first amplicon 
spans exon 1 to intron 3 and the second amplicon spans intron 3 to exon 5. 

[0017] A method for amplifying a class I HLA allele comprising: 
performing a nucleic acid amplification reaction on a sample having or suspected of 
having a class I HLA allele wherein the nucleic acid amplification reaction comprises 
the primer set of any one of paragraphs [001 2] to [001 6]. 

[0018] The method of any one of paragraphs [0007] to [0001 1 or [001 7]: 
sequencing any resulting HLA amplicons. 

[0019] A primer for sequencing an HLA allele comprising: 
a forward primer comprising a 3' portion and a 5' portion wherein the 3' portion is 
complementary to an HLA allele of interest and the 5' portion is not complementary 
to the HLA allele of interest. 

[0020] The primer of the previous paragraph wherein the 5' portion non- 
complementary portion is 1 to about 35 bases inclusive. 

[0021] The primer of paragraphs [00019] or [0020] wherein the forward 
primer is for one of exons 2 and 3 in a B locus of the HLA allele. 

[0022] The primer of any one of paragraphs [001 9] to [0021] 1 8-20 further 
comprising one or more additional primers that are complementary to one or more 
additional HLA alleles of interest. 

[0023] A method for determining the sequence of an HLA allele comprising: 
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performing a sequencing reaction on an HLA allele using the primer of any one of 
paragraphs [0019] to 10022] 18-21; and 
determining the sequence of one of more HLA alleles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Figure 1 is a flowchart illustrating a specific procedure for sequencing 
an HLA allele according to a present method. 

[0025] Figures 2A-2D are sequencing Electropherograms from the example. 

DETAILED DESCRIPTION 

[0026] Described herein are primer sets, methods and kits for amplifying 
and/or detecting human leukocyte antigen alleles. Some embodiments of the 
present invention provide primer sets and methods for amplifying HLA alleles. 

[0027] On such primer set includes primers that are capable of amplifying all 
HLA alleles of an HLA allele subset or locus and also a control primer pair that is 
capable of producing an HLA amplicon of a defined size if the one or more HLA 
alleles are present in the sample. This primer set utilizes the target HLA allele as 
the template for the control primer pair and provides an indication the presence of 
absence of one or more HLA alleles. Any HLA alleles of the HLA allele subset or 
locus are also the template for the other primers in the primer set. As will be 
understood by the skilled artisan, in order to provide an effective control, the 
portion of the HLA allele amplified by the control primer pair is typically common to 
all or substantially all HLA alleles being tested for. In some embodiments, 
particularly when the target HLA locus is HLA A or HLA B, the portion of the HLA 
allele amplified by the control primer pair comprises a portion of exon 4. The 
primer set can be used in an amplification reaction to amplify an HLA allele and also 
provide a control. The control primer pair provides an indication of the efficiency of 
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any HLA allele amplification that occurs in the amplification reaction and also 
prevents false negative results. For example, if the results of the amplification 
provide an amplicon but lack the control amplicon, then the amplicon is likely a 
false negative. In contrast, if the control amplicon is also present then the 
amplification produced a positive result. In some embodiments, the primers of the 
control primer pair are selected such that any amplicon they produce will have a 
substantially constant size, such as 500, 600, 700, 800, 900 or 1000 base pairs, 
regardless of the HLA alleles that are present in the sample. As long as they do 
not interfere with the control parameters, the control primer pair can span a region 
with or without polymorphic positions. Accordingly, the portion of the HLA allele 
amplified by the control primer pair can have base polymorphisms but should lack 
any significant insertions or deletions. 

[0028] Another primer set of the present invention contains a plurality of 
primer pairs, typically in the same solution, that are capable of simultaneously 
amplifying a plurality of class I HLA alleles simultaneously. As such, this primer set 
is capable of performing a successful multiplex amplification for all HLA alleles of 
an HLA allele subset or locus, such as the A locus, B locus or DR loci. In some 
embodiments, this multiplex amplification is achieved while still maintaining locus 
specificity because the product sizes produced from the amplification are 
considerably smaller. 

[0029] Primer sets having combinations of the above characteristics can also 
be used. The above primer sets can be used to amplify any HLA alleles that are 
present in a sample. 

[0030] The above primers and primer sets can be used in reaction that 
amplify HLA alleles. Suitable amplification reactions include those that proceed 
both linearly and exponentially. The present methods are also simplified as they 
can provide a common sequencing protocol for all HLA loci. Generally, the above 
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primer sets will contain primers that are sufficient to amplify all alleles of an HLA 
locus, such as HLA A, HLA B, etc. in a single reaction. Accordingly, the primers 
can be targeted to hybridize to non-specific regions of the chosen HLA locus so 
that all different HLA alleles can be successfully amplified. The primers can also be 
located so that the HLA amplicon resulting from the primers spans enough 
polymorphic positions of the locus so that individual alleles can be identified in a 
subsequent sequencing or typing reaction utilizing the HLA amplicon. 

[0031] In some embodiments, where HLA A locus alleles are being amplified, 
the present primers can be selected to provide a single amplicon that includes 
exons 2, 3 and 4. Where HLA B locus alleles are being amplified, different primer 
sets can be used to produce dual amplicons that cover exons 2, 3 and 4. Some 
embodiments of the present primer sets, methods and kits utilize two separate 
amplifications in the B locus that reduces the number of potential heterozygotic 
combinations resulting in simplified sequence analysis, and the position of these 
split primers results in resolution of more of the locus thus reducing further the 
number of resultant ambiguities. For example, this can be achieved by amplifying 
the regions from exon 1 to intron 3 and intron 3 to exon 5 as two separate 
products simultaneously in one amplification mix. This results in a much more 
robust amplification. Amplifying these regions as two separate products is 
advantageous over a single product as this single product is frequently weak and 
hard to see on an agarose gel, particularly when modified nucleotides are required. 

[0032] General and non-limiting position strategies for these primers is set 
forth in Table 1 . In fact, the primer hybridization positions shown in this table can 
often be varied by one, two, five, ten, twenty or more positions, either upstream or 
downstream, and still provide acceptable results. Typically, when the primer 
hybridization position is moved upstream of the position illustrated in the table then 
additional bases can be added to the primer that hybridize further upstream which 
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can be accompanied by removal of bases from the opposite end of the primer. 
Similarly, when the hybridization position is moved downstream then bases are 
added to the primer that hybridize further downstream which can be accompanied 
by the removal of bases on the upstream hybridizing portion of the primer. 

In HLA DR locus (Class II) amplification, one embodiment provides for a primer set 
that allows for eleven group specific amplifications that achieve resolution of 
DRB1, DRB3, 4 and 5 and exon 2. 

[0033] The primers of the primer sets 3' terminus are capable of being 
extended by a nucleic acid polymerase under appropriate conditions and can be of 
any length, for example ranging from about 5 nucleotides to several hundred. 
Preferably, the primer oligonucleotide will have a length of greater than 1 0 
nucleotides, and more preferably, a length of from about 1 2-50 nucleotides, such 
as 1 2-25 or 1 5-20. The primer oligonucleotides can also be chosen to have a 
desired melting temperature, such as about 40 to about 80°C, about 50 to about 
70°C, about 55 to about 65°C / or about 60°C. The length of the primer is 
sufficient to permit the primer oligonucleotide to be capable of hybridizing to the 
target molecule. The sequence of the primer oligonucleotide is selected such that 
it is complementary to a predetermined sequence of the target molecule. 

[0034] The present primer pairs can also be used individually to identify a 
single HLA allele, as desired. The present primers can be used in any method 
where nucleic acid primers find utility. For example, the primers are readily 
applicable to RT PCR of HLA mRNA for expression analysis because they target 
exon regions. The present primers can also be extended to, as yet, unknown HLA 
alleles. 

[0035] One example of an assay where the present primer pairs find use 
include a detection assay or method for identifying an HLA allele in a sample 
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having, or suspected of having an HLA allele. In such an assay, generally, the 
sample will be contacted with the primer set under conditions such that the primer 
pair will amplify the HLA locus for which the primer pair is specific, if that Icous is 
present in the sample. The presence or absence of the amplicon can then be 
determined or detected by standard techniques, such as separation techniques 
including electrophoresis, chromatography (including HPLC and denaturing-HPLC), 
or the like. Exemplary techniques for performing these assays are described in the 
examples section. As will be recognized by the skilled artisan the production of an 
amplicon will indicate the presence of an HLA locus in a sample. Accordingly, the 
presence or absence of an amplicon can be correlated with the presence or 
absence of the HLA locus in the sample. The sample to be detected can be 
obtained from any suitable source or technique. 

[0036] Typically, nucleic acid amplification or extension involves mixing a 
target nucleic acid with a "master mix" containing the reaction components for 
performing the amplification reaction and subjecting this reaction mixture to 
temperature conditions that allow for the amplification of the target nucleic acid. 
The reaction components in the master mix can include a buffer which regulates 
the pH of the reaction mixture, one or more of the four deoxynucleotides (dATP, 
dCTP, dGTP, dTTP - preferably present in equal concentrations), that provide the 
energy and nucleosides necessary for the synthesis of DNA, primers or primer pairs 
that bind to the DNA template in order to facilitate the initiation of DNA synthesis 
and a DNA polymerase that adds the deoxynucleotides to the complementary DNA 
strand being synthesized. The polymerase used in the present methods and kits is 
not particularly limited, and any suitable polymerase can be used. Examples of 
suitable polymerase include thermostable polymerase enzymes, such as the TAQ 
polymerase Preferred polymerases have low error rates. 
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[0037] A typical thermal cycling reaction used in DNA amplification has a 
temperature profile of thermal cycling that involves an initial ramp up to a 
predetermined, target denaturation temperature high enough to separate the 
double-stranded target DNA into single strands. Generally, the target denaturation 
temperature of the thermal cycling reaction is approximately 91-97°C, such as 
94°C- 96°C, and the reaction is held at this temperature for a time period ranging 
between 20 seconds to two minutes. Then, the temperature of the reaction 
mixture is lowered to a target annealing temperature which allows the primers to 
anneal or hybridize to the single strands of DNA. Annealing temperatures can vary 
greatly depending upon the primers and target DNA used. Generally, annealing 
temperatures range from 58°C - 70°C depending upon the application. Next, the 
temperature of the reaction mixture is raised to a target extension temperature to 
promote the synthesis of extension products. The extension temperature is 
generally held for approximately two minutes and occurs at a temperature range 
between the annealing and denaturing temperatures. This completes one cycle of 
the thermal cycling reaction. The next cycle then starts by raising the temperature 
of the reaction mixture to the denaturation temperature. Typically, the cycle is 
repeated 25 to 35 times to provide the desired quantity of DNA. As will be 
understood by the skilled artisan, the above description of the thermal cycling 
reaction is provided for illustration only, and accordingly, the temperatures, times 
and cycle number can vary depending upon the nature of the thermal cycling 
reaction and application. 

[0038] Accordingly, the present primers, methods and kits can be used for 
research and clinical applications for any HLA associated disease, disorder, 
condition or phenomenon. 

[0039] The present amplifications are preferably performed with a reaction 
volume and amount that is sufficient to perform a separation or detection step in 
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addition to providing enough amplified product in order to perform a sequencing 
reaction. Typically, amplification reactions having 25 jil or more total volume are 
sufficient. 

[0040] In some embodiments, a single multiplex amplification reaction can be 
run for all major HLA loci, e.g. HLA A, HLA B, HLA C, etc. in a single vessel. 
Generally, separate amplification reactions will be run for each HLA loci separately, 
and any of these separate reactions can employ a non-mulitplex approach that 
produces amplicons that encompass all of the desired locus or a multiplex approach 
to produce amplicons that encompass shorter segments of the amplified locus. 
Such reactions can be run simultaneously or subsequently as desired. 

[0041] Some of the present embodiments also provide complete locus 
resolution by employing locus specific primers located in the 5' and 3' untranslated 
areas of the gene. This can be approached in two distinct ways. The first can 
utilize an expansion and enhancement of the multiplex approach, where the entirety 
of the locus would be amplified from genomic DNA resulting in two or more 
products created simultaneously. This could be accomplished by two larger 
products, or potentially three smaller products. Secondarily, amplification of the 
locus using RNA as the starting template through simultaneous RT/PCR could 
provide total locus coverage with a manageable single product. This would provide 
ultimate resolution of HLA types. 

[0042] After the HLA locus is amplified the specific alleles of the locus can 
then be determined by any method or assay known in the art. One such method is 
a sequencing reaction, for example the Sanger sequencing method. A description 
of such a general and specific sequencing method is set forth in Figures 1 and 1A. 
A detailed methodology is set forth in Appendix II. This sequencing reaction can be 
facilitated using a DYEnamic™ ET* Terminator Cycle Sequencing Kits available from 
Amersham Biosciences. Other suitable sequencing protocols include sequencing by 
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synthesis protocols, such as those described in U.S. Patent Nos. 4,863,849/ 
5,405,746, 6,210,891, and 6,258,568 and PCT applications WO 98/13523, WO 
98/28440, WO 00/43540, WO 01/42496, WO 02/20836 and WO 02/20837. 

[0043] Also provided is a primer set for sequencing HLA alleles and methods 
of sequencing HLA alleles which can use these primer sets. In some of these 
sequencing primers or detection methods, the 5' portion of one or more of the 
sequencing primers contains nonhomologous or sequence that does not hybridize 
to the HLA allele that can provide enhanced resolution of the sequence generated 
early in the polymerization reaction. Typically, the first bases resolved on any 
sequencing system are unclear. This tends to improve within 30 to 35 bases from 
the 5' end of the sequencing primer. By having or adding additional bases to the 5' 
end of the sequencing primer, the present primers with the non-complementary 
portion can achieve enhanced resolution of sequence. This design is particularly 
useful in sequencing primers that hybridize close to, for example within 10, 15, 20, 
25, 30 or bases, of an intron/exon junction, for example where locus structure 
dictates placement of the primer close to the junction, such as occurs in exons 2 
and 3. The number of the additional nonhybridizing bases on the 5' end of the 
specified sequencing primers can vary as desired, and for example can be one to 
35 bases, such as two, three, four five, ten, fifteen, twenty, etc. 

[0044] In some embodiments, HLA allele amplification can be joined together 
with an HLA sequencing reaction. Accordingly, the present primer sets, methods 
and kits can resolve greater than or about 50%, 55%, 60%, 65%, 70%, 75%, 
80% or more of cis/trans ambiguities, including those found in the HLA B locus. 

10X PCR Buffer 

Tested from 0.5X- 2X concentration in the reaction, such as IX. 
MgCI 2 
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Class I reaction can typicalle range from 1 .OmM - 2.0mM 
concentration in the reaction, for example 1.5mM. 

Class II reaction from 1 .5mM - 2.5mM concentration in the reaction, 
e.g., 2. OmM for one tube and 2.5mM for group specific amplification. 

dNTP 

0.5% - 2% concentration in the reaction, such as 1 %. 

[0045] For Class I , DMSO can be used at 5%-15% concentration in the 
reaction, for example 8%. 

[0046] Primer concentration can vary and was successfully at ranges of 10 
pmol/jil - 30 pmol/jil although optimal concentrations vary depending upon the 
reaction conditions, primer sequence and target sequence. 

Product Specifications/QC Criteria 

Background: Less than 20% of overall signal. 

Evenness of het peaks: Must not be more than 30% difference. (I'm 
trying to get this changed to 50% difference) 

Average signal strength: 

Capillary = 100units - 4000 units. This is a very large range. But it 
was left that way to cover our bases. Typically, when signals get above 2000- 
2500 units, excessive background will result. 

377 = 40 units - 4000units.. There is really no upper limit on this 
because the signals never get above about 500 units on the 377. 
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Coverage: The full sequence of the exon in question is readable from 
beginning to end. 

[0047] Accordingly, preferred methods focus on identifying HLA alleles. The 
alleles of the HLA loci are classified as Class I - HLA-A, HLA-B, HLA-C, HLA-E, 
HLA-F and HLA-G, or Class II - HLA-DRA, HLA-DRB1, HLA-DRB2-9, HLA-DQA1, 
HLA-DQB1, HLA-DPA1, HLA-DPB1, H LA-DMA, HLA-DMB, HLA-DOA and HLA- 
DOB. There are over a hundred identified alleles that fall in some of these loci and 
these alleles are closely related and can differ in sequence by only one, or a few, 
positions. The HLA gene is discussed by Schreuder et al. in Tissue Antigens, 
58:109 (2001) and the references disclosed therein, all of which are incorporated 
by reference. Additional information regarding HLA alleles, and in particular 
sequence information is available at www.ebi.ac.uk/imgt/hla and 
www.anthonynolan.org.uk/research.html. 

[0048] Any or all of the present primers can be labeled with a detectable 
moiety, if desired, to facilitate detection. When present, the detectable moiety of 
the present invention is not particularly limited. Suitable examples of detectable 
labels include fluorescent molecules, beads, polymeric beads, fluorescent polymeric 
beads and molecular weight markers. Polymeric beads can be made of any suitable 
polymer including latex or polystyrene. 

[0049] The present invention also provides arrays of the present primers that 
are contained within distinct, defined locations on a support. In some 
embodiments, the primers will be attached to the support in the defined location. 
The primers can also be contained within a well of the support. Each defined, 
distinct area of the array will typically have a plurality of the same primers. As 
used herein the term well is used solely for convenience and is not intended to be 
limiting. For example, a well can include any structure that serves to hold the 
nucleic acid primers in the defined, distinct area on the solid support. Non-limiting 
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example of wells include depressions, grooves, walled surroundings and the like. In 
some of the arrays, the primers at different location can have the same probing 
regions or consist of the same molecule. This embodiment is useful when testing 
whether nucleic acids from variety of sources contain the same target sequences. 
The arrays can also have primers with one or different primer regions at different 
location within the array. This embodiment can be useful where nucleic acids from 
a single source are assayed for a variety of target sequences. Combinations of 
these array configurations are also provided where some of the primers in the 
defined locations contain the same primer regions whereas other locations contain 
primers with primer regions that are specific for different targets. Any suitable 
support can be used for the present arrays, such as glass or plastic, either of which 
can be treated or untreated to help bind, or prevent adhesion of, the primer. In 
some embodiments, the support will be a multi-well plate so that the primers need 
not be bound to the support and can be free in solution. Such arrays can be used 
for automated or high volume assays for target nucleic acid sequences. 

[0050] Although the present primers generally utilize the five standard 
nucleotides (A, C, G, T and U) in the nucleotide sequences, the identity of the 
nucleotides or nucleic acids used in the present invention are not so limited. Non- 
standard nucleotides and nucleotide analogs, such as peptide nucleic acids and 
locked nucleic acids can be used in the present invention, as desired. Several 
nucleotide analogs are known in the art (e.g., see, in Rawls, C & E News Jun. 2, 
1997 page 35; in Brown, Molecular Biology LabFax, BIOS Scientific Publishers 
Limited; Information Press Ltd, Oxford, UK, 1991). In addition, the bases in a 
sequence may be joined by a linkage other than a phosphodiester bond, so long as 
the bond does not interfere with hybridization, such as in a peptide nucleic acid. 
These nucleotide analogs include any of the known base analogs of DNA and RNA 
such as, but not limited to, 4-acetylcytosine, 8-hydroxy-N6-methyladenosin- e, 
aziridinylcytosine, pseudoisocytosine, 5-(carboxyhydroxylmethyl) uracil, 5- 
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fluorouracil, 5-bromouracil, 5-carboxymethylaminomethyl-2-thiou- racil, 5- 
carboxymethylaminomethyluracil, dihydrouracil, hypoxanthine, inosine, N6- 
isopentenyladenine, 1-methyladenine, 1-methylpseudouracil, 1-methylguanine, 1- 
methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3- 
methylcytosine, 5-methylcytosine, N6-methyladenine, 7-methylguanine, 5- 
methylaminomethyluracil, 5-methoxy-aminomethyl-2-thiou- racil, beta-D- 
mannosylqueosine, 5'-methoxycarbonylmethyluracil, 5-methoxyuracii, 2-methylthio- 
N6-isopentenyladenine, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid, 
oxybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2- 
thiouracil, 4-thiouracil, 5-methyluracil, N-uracil-5-oxyacetic acid methylester, uracil- 
5-oxyacetic acid, pseudouracil, queosine, 2-thiocytosine, orotic acid, 2,6- 
diaminopurine and the AEGIS™ bases isoC and isoG. As such, the primers can 
contain DNA, RNA, analogs thereof or mixtures (chimeras) of these components. 

[0051] Universal nucleotides can also be used in the present primers. As 
used herein, universal nucleotide, base, nucleoside or the like, refers to a molecule 
that can bind to two or more, i.e., 3, 4, or all 5, naturally occurring bases in a 
relatively indiscriminate or non-preferential manner. In some embodiment, the 
universal base can bind to all of the naturally occurring bases in this manner, such 
as 2'-deoxyinosine (inosine). For example, the universal base can bind all of the 
naturally occurring bases with equal affinity, such as 3-nitropyrrole 2 r - 
deoxynucleoside {3-nitropyrrole) and those disclosed in U.S. Patent Nos. 
5,438,131 and 5,681,947. Generally, when the base is "universal" for only a 
subset of the natural bases, that subset will generally either be purines (adenine or 
guanine) or pyrimidines (cytosine, thymine or uracil). Examples of nucleotides that 
can be considered universal for purines are known as the "K" base (N6-methoxy- 
2,6-diaminopurine), as discussed in Bergstrom et al., Nucleic Acids Res. 25:1935 
(1997) and pyrimidines are known as the "P" base (6H,8H-3,4- 
dihydropyrimido[4,5-c][1,2]oxazin-7-one), as discussed in Bergstrom et al., supra, 
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and U.S. Patent No. 6,31 3,286. Other suitable universal nucleotides include 5- 
nitroindole (5-nitroindole 2'-deoxynucleoside), 4-nitroindole (4-nitroindole 2'- 
deoxynucleoside), 6-nitroindole (6-nitroindole 2'-deoxynucleoside) or 2'- 
deoxynebularine. A partial order of duplex stability has been found as follows: 5- 
nitroindole > 4-nitroindole > 6-nitroindole > 3-nitropyrrole. When used, such 
universal bases can be placed in polymorphic positions, for example those that are 
not required to specifically identify an allele. Combinations of these universal bases 
can also be used as desired. Primers and strategies using universal primers are 
discussed in U.S. Patent Application Serial No. 10/429,912. 

[0052] The present invention also provides kits for carrying out the methods 
described herein. In one embodiment, the kit is made up of one or more of the 
described primer pairs with instructions for carrying out any of the methods 
described herein. The instructions can be provided in any intelligible form through 
a tangible medium, such as printed on paper, computer readable media, or the like. 
A plurality of each primer pair can be provided in a separate container for easy 
aliquoting. The present kits can also include one or more reagents, buffers, 
hybridization media, salts, nucleic acids, controls, nucleotides, labels, molecular 
weight markers, enzymes, solid supports, dyes, chromatography reagents and 
equipment and/or disposable lab equipment, such as multi-well plates (including 96 
and 384 well plates), in order to readily facilitate implementation of the present 
methods. Such additional components can be packaged together or separately as 
desired. Solid supports can include beads and the like whereas molecular weight 
markers can include conjugatable markers, for example biotin and streptavidin or 
the like. Enzymes that can be included in the present kits include DNA 
polymerases and the like. Examples of preferred kit components can be found in 
the description above and in the following examples. 
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[0053] One embodiment of kit according to the present invention that can 
amplify and sequence HLA alleles is described below: 
A Locus 

Amplification Primers: 

The 5' primer begins in the A Locus 5' untranslated region and ends in 
exon 1 . The 3' primer is in exon 5. This is a locus specific amplification and all 
alleles are amplified with this primer set. 

Sequencing Primers: 

All sequencing primers are located in the introns flanking exons 

2, 3 and 4. 

B Locus 

Amplification Primers: 

Two 5' primers in exon 1. The alleles are divided roughly in half 
between the two primers as follows: 



C Group 




G Group 






070201 


380201 


1301 


4002 


5611 


070202 


390101 


1302 


4003 570101 


0703 


390103 


1303 


4004 


5702 


0704 


390201 


1304 


4005 570301 


0706 


390202 


1308 


400601 


5706 


0709 


3903 


180101 


400602 


5801 


0718 


3904 


1802 


4008 


5802 


0801 


3905 


1803 


4013 


5804 


0802 


390601 


1806 


4020 


5901 


1401 


390602 


2702 


44020101 


7801 


1402 


3908 


2703 


440201 02S 780201 
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1405 


3909 


2704 


440301 


8101 


15010101 


3910 


270502 


440302 


8202 


1502 


3917 


270504 


4404 


8301 


1503 


3924 


270505 


4406 




1508 


400101 


2706 


4407 




1509 


400102 


2708 


4408 




1510 


4007 


2709 


4409 




151 101 


4012 


2711 


4413 




151 102 


4016 


2712 


4431 




1512 


4023 


2713 


47010101 




1513 


4101 


2714 


47010102 




1514 


4102 


2718 


4702 




1515 


4201 


350101 


510101 




1516 


4418 


3502 


510102 




151701 


4501 


3503 


510105 




151702 


4504 


3504 


510201 




1518 


4601 


3505 


510202 




1519 


4801 


3506 


5103 




1520 


4802 


3507 


5104 




1521 


4805 


3508 


5108 




1523 


4901 


3511 


520101 




1525 


5001 


3512 


520102 




1 coo 

1 525 




OD I O 


DZ\J t t 




1529 


670101 


3528 


5301 




1546 


6702 


3531 


5401 




1552 


7301 


3541 


5501 




1553 




3542 


5502 




1554 




3543 


5505 
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1555 3701 5512 

1557 3702 5601 

1558 3704 5602 
1566 3705 5603 

There are four 3' primers in exon 5 (primers are multiplexed to cover 
the complexity of B Locus in this exon.) 
Sequencing Primers: 

All sequencing primers are located in the introns flanking exons 2, 3 

and 4. 

DRB1 One Tube 

Amplification Primers: 
[0054] There are 6 5' amplification primers which begin in intron 1 and end 
in exon 2. The primers are each designed to amplify a specific group of alleles: 
DRB1 *01 , DRB1 * 1 5/1 6/07, DRB1 *03/1 1 /1 3/1 4/8/1 2, DRB1 *04, DRB1 *09, and 
DRB1*10. 

[0055] There is one 3' primer located in exon 2. All amplification primers are 
tailed with the M13 sequence. M13 sequence are tails added to the amplification 
primers, such as in DR and DQ r that allow the utilization of a single forward and 
reverse primer irrespective of groups. This results in a reduction in the total 
number of sequencing primers that must be included in the kit to cover all possible 
products. The tailing of the amplification primers was also done to assure full 
coverage of exon 2 upon sequencing. 
Sequencing primers: 

The sequencing primers are M13 forward and M13 reverse. 

DRB1/3/4/5 Group Specific 

Amplification primers: 
[0056] The primers either begin in intron 1 and end in exon 2 or are fully in 
exon 2 depending on where the most specificity is for the group of alleles being 
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amplified. There are 1 1 5' Group specific primers amplifying the following 
groups/beta chains: 

DRB1*01, DRB1M5/16, DRB1 *03/1 1/13/14, DRB1*04, DRB1 *07, 
DRB1 *8/12, DRB1 *09, DRB1 *10, DRB3, DRB4, DRB5. 

There is one 3' primer located in exon 2. 
[0057] All amplification primers are tailed with the M13 sequence. The tailing 
of the amplification primers was done to assure full coverage of exon 2 upon 
sequencing. 

[0058] Sequencing primers: The sequencing primers are M13 forward and 
M1 3 reverse. 

[0059] Exemplary, but non-limiting, primer sets are described in the Tables 
and Appendices. Sequence alignments for assigning positions can be obtained by 
comparing the listed sequences with reported HLA sequences which can be found 
at www.ebi.ac.uk/imgt/hla and www.anthonynolan.org.uk/research.html. In the 
reported sequences, letter other than A, C, G or T indicate non-standard universal 
bases as follows: R, Y, S, M f W, and K are degenerate bases consisting of two 
possible bases at the same position. A or G = R, C or T = Y, G or C = S, C or A 
= M, A or T = W and G or T = K. There are also combinations of 3 possible 
bases at a particular base position known as H, B, V. Although primer pairs are 
often used in nucleic acid amplifications, the present primer sets can contain odd 
numbers of primers so that one or more forward primers can work in conjunction 
with a single reverse primer to produce an amplicon and vice versa. Appendix I 
provides a list of exon identities and ambiguous typing combinations of some HLA 
alleles that can be resolved by the present primer sets, methods and kits. Preferred 
kits include all reagents, primers, equipment etc. needed to perform the HLA 
amplification and/or sequencing except for the sample to be tested. 
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EXAMPLES 

[0060] A and B Locus Multiplex Amplification 

Genomic DNA was amplified with the following amplification mix: 

A Locus 



Reagent 
Purified water 
10X PCR Buffer 
Magnesium Chloride 
DMSO 

dNTP (50% deazaG) 
5'Primer- pA5-5 
3'Primer- pA3-31 
5'Primer- pA5-3 
3'Primer- pA3-29-2 
FastStart Taq 
Genomic DNA 



Amount 

9.3ul 
2.5ul 

1.5ul 

2.0ul 

2.5ul 

0.5ul 
0.5ul 
0.5ul 

0.5ul 

0.2ul 
5.0ul 

25ul total reaction volume 



B Locus 



Reagent 
Purified water 
10X PCR Buffer 
Magnesium Chloride 
DMSO 

dNTP (50% deazaG) 
5'Primer- pB5-48 or 5-49 
3'Primer- pB3-24 
5'Primer- pB5-55+4 
3'Primer- pA3-20,21, 22,23 
FastStart Taq 
Genomic DNA 



Amount 

9.3ul 
2.5ul 

1.5ul 

2.0ul 

2.5ul 
0.5ul 
0.5ul 

0.5ul 
0.5ul 

0.2ul 
5.0ul 

25ul total reaction volume 
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The samples were run in a PE 9700 thermal cycler under the following 



Initial Denaturation 95°C 4 min 

Denaturation 95°C 20 sec 

Annealing 63°C 20 sec 35 cycles 

Extension 72°C 40 sec 

Final Extension 72°C 5 min 



The PCR amplicons were run on a 1 .5% agarose gel 
B Locus Agarose gel 




A Locus Agarose gel 



For A Locus, the 1200bp band is the product from pA5-3 and pA3-31 
and the smaller 700bp band is the product from pA5-5 and pA3-29-2. 
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For B Locus, the 1 200bp band is the product from pB5-48 or pB5-49 
and pB3-24 and the smaller 700bp band is the product from pB5-55 + 4 and pB3- 
20,22,22 and 23. 

4ul of ExoSAP-IT (USB) was added to each amplicon to rid each one 
of excess primer and dNTP. The amplicons were incubated at 37°C for 20 
minutes and then at 80°C for 20 minutes. 

Sequencing reactions for exons 2, 3 and 4 were prepared for each 
sample using the following mix of reagents: 

DYEnamic ET Terminators 2ul 
DYEnamic ET Terminator Dilution Buffer 2ul 
Water 3ul 
Sequencing Primer lul 
ExoSAP-IT treated PCR product 2ul 

1 0ul total reaction volume 

The sequencing reactions were cycled in a PE 9700 thermal cycler 
under the following conditions, with the first three steps being performed for 25 
cycles: 

95°C 20 sec 
50°C 1 5 sec 
60°C 60 sec 
4°C Infinite 

Ethanol precipitation was used to remove excess terminators and 
precipitate out the sequencing products. 

The precipitated products were run on an ABI 3100 capillary 

sequencer. 
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The Electropherograms are shown in figures 2A-2D. 

[0061] The present primers and kits can have any or all of the components 
described herein. Likewise, the present methods can be carried out by performing 
any of the steps described herein, either alone or in various combinations. One 
skilled in the art will recognize that all embodiments of the present invention are 
capable of use with all other appropriate embodiments of the invention described 
herein. Additionally, one skilled in the art will realize that the present invention also 
encompasses variations of the present primers, configurations and methods that 
specifically exclude one or more of the components or steps described herein. 

[0062] As will be understood by one skilled in the art, for any and all 
purposes, particularly in terms of providing a written description, all ranges 
disclosed herein also encompass any and all possible subranges and combinations 
of subranges thereof. Any listed range can be easily recognized as sufficiently 
describing and enabling the same range being broken down into at least equal 
halves, thirds, quarters, fifths, tenths, etc. As a non-limiting example, each range 
discussed herein can be readily broken down into a lower third, middle third and 
upper third, etc. As will also be understood by one skilled in the art all language 
such as "up to/' "at least," "greater than," "less than," "more than" and the like 
include the number recited and refer to ranges which can be subsequently broken 
down into subranges as discussed above. In the same manner, all ratios disclosed 
herein also include all subratios falling within the broader ratio. 

[0063J One skilled in the art will also readily recognize that where members 
are grouped together in a common manner, such as in a Markush group, the 
present invention encompasses not only the entire group listed as a whole, but 
each member of the group individually and all possible subgroups of the main 
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group. Accordingly, for all purposes, the present invention encompasses not only 
the main group, but also the main group absent one or more of the group members. 
The present invention also envisages the explicit exclusion of one or more of any of 
the group members in the invention. 

[0064) All references, patents and publications disclosed herein are 
specifically incorporated by reference thereto. Unless otherwise specified, "a" or 
"an" means "one or more". 

[0065] While preferred embodiments have been illustrated and described, it 
should be understood that changes and modifications can be made therein in 
accordance with ordinary skill in the art without departing from the invention in its 
broader aspects as described herein. 
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Claims 

What is claimed is: 

1 . A primer set comprising: 

primers that are capable of amplifying all human leukocyte antigen 
{HLA) alleles of an HLA locus; and 

a control primer pair that will produce an HLA control amplicon of 
predetermined size from the one or more HLA alleles if the one or more HLA alleles 
are present in the sample, wherein the portion of the HLA allele amplified by the 
control primer pair is common to all or substantially all HLA alleles, wherein the 
portion of the HLA allele amplified by the control primer pair comprises a portion of 
exon 4 of the HLA A locus or HLA B locus, wherein the HLA control amplicon is 
about 500 base pairs in length and further wherein the one or more HLA alleles are 
common to a single HLA locus. 
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PRIMERS, METHODS AND KITS FOR AMPLIFYING OR DETECTING 
HUMAN LEUKOCYTE ANTIGEN ALLELES 



ABSTRACT 

[0066] The present invention describes primer pairs, methods and kits for 
amplifying, identifying and/or detecting HLA alleles. 
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FIGURE 1 



PCR 



Electrophoresis/ Agarose Gei 



Hands on Time 
1 hour 



ExoSap-IT 
Sequencing Reactions 



Walk Away Time 
7 hour 



Gel Loading Preparation 
Electrophoresis/Sequencer 



Analysis 



FIGURE 1A 



DR Group Specific SBT 



Amplification 

Each of the 11 DR groups (DRB1*01, 15/16, 03, 04, 07, 
8/12, 09.10. DRB3, DRB4. DRB5) is amplified with a given 
DNA sample. 



£1 
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Agarose Gel 

A separation, such as on an agarose gel, is performed and 
only those products that are positive will be taken further. 
(SSP). 

'Minimum amount of products = 1 (e.g. DRB1*0101) 
'Maximum amount of products = 4 (e.g. DRB1*0301 ,0701, 
DRB3*0101 t DRB4*0101). 



ExoSap-IT . 

All positive products have unused primers removed, such 
as with ExoSap-IT, and the til |d product is diluted 1:1.5 
with water due to the fact tha| re is so much product. 



Sequencing Reactions 

1 or 2 sequencing reactions (forward and reverse) are done 
for each positive product. 



Excess Terminator Removal 

Excess terminators are removed either by ethanol 
precipitation or by column purification. 



-a 
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Products are resuspended and denatured for 
gel/capillary loading. 



Samples are run on the sequencer. 
The data collection program on the ABI (slab gel or 
capillary). Sample identification, voltage, run time, etc. are 
all controlled by this program. 



Analysis 

After the run is complete, the Sequencing Analysis program 
is opened and each sample is loaded into the sample 
manager and analyzed automatically by the software. 
Each product (forward and reverse) is analyzed and any 
bases that the software called incorrectly are corrected. 



Once all electropherograms are corrected, they are put 
through typing software (MatchMaker, NCBI, etc) for allele 
assignment. 






Allele Assignment 
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Table C Locus 

C Intron 3 R GCAGTGGTCAAAGTGGTCA 

C Intron 3 F GCAGCTGTGGTCAGGCTGCT 

C 3' UT GGACACGGGGGTGRGCTGTCTSTC 



C5ApUTG CAG TCC CGG TTC TGA AGT CCC CAG T 

C5ApUTA CAG TCC CGG TTC TAA AGT CCC CAG T 

C5X1J1GG GGG CCG GTG AGT GCG GGG TT 

C5X1J1TA GGG CCT GTG AGT GCG AGG TT 

C5X1J1TG GGG CCT GTG AGT GCG GGG TT 

C3ApX5A AGC TCC AAG GAC AGC TAG GAC A 

C3ApX5T AGC TCC TAG GAC AGC TAG GAC A 

C1 73ApX5 GAC AGC CAG GAC AGC CAG GAC A 

C3Apl4T GTG AGG GGC CCT GAC CTC CAA 

C3Apl4C GTG AGG GGC CCT GAC CCC CAA 

C3Apl4TAC GTG AGG GGC CCT TAC ACC CAA 

CApExon5R2 GCC ATC ACA GCT CCT AGG ACA GCT A 

CApExon5R3 GCC ACC ATA GCT CCT AGG ACA GCT A 

CApExon5R4 GTG ACC ACA GCT CCA AGG ACA GCT A 

CApExon5R5 AGC TAG GAC AGC CAG GAC AGC CA 

CApExon5R1 CCA CCA CAG CTC CTA GGA CAG CTA 

pC5-2 CAG TCC CGG TTC TRA AGT CCC CAG T 

C5x21 GGA GCC GCG CAG GGA GG 

C5x22 GGG TCG GGC GGG TCT CAG 

C3x21 GGC CGT CCG TGG GGG ATG 

c3x22 TCG KGA CCT GCG CCC CG 

C5x31 TTC RGT TTA GGC CAA AAT CCC CGC 

C5x32 GTC RCC TTT ACC CGG TTT CAT TTT C 

C3x31 GCT GAT CCC ATT TTC CTC CCC TCC 

C5x41 AGG CTG GCG TCT GGG TTC TGT G 

c5x42 CCR TTC TCA GGA TRG TCA CAT GGG C 

c5x43 CAA AGT GTC TGA ATT TTC TGA CTC TTC 

c3x41 AGG ACT TCT GCT TTC YCT GAK AAG 
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Table DR Loci 

DRB Group Specific Primers 

GSDR-01 
GSDR-15/16 
GSDR-03/1 1/13/14 
GSDR-04 
GSDR-07 
GSDR-08/12 
GRDR-09 
GSDR-10 



GSDR-B3 
GSDR-B4 
GSDR-B5 
GSDR-3" Universal 

CRP1 

CRP3 



5'-TGTAAAACGACGGCCAGTCACG 
5'-TGTAAAACGACGGCCAGTTTCC 
5'-TGTAAAACGACGGCCAGTCGTT 
5'-TGTAAAACGACGGCCAGTCGTT 
5'-TGTAAAACGACGGCCAGTTTCC 
5'-TGTAAAACGACGGCCAGTCGTT 
5-TGTAAAACGACGGCCAGTGTTT 
5-TGTAAAACGACGGCCAGTCACA 



TTTCTTGTGGSAGCTT-3' 

TGTGGCAGCCTAAGA-3' 

TCTTGGAGTACTCTACGTC- 

TCTTGGAGCAGGTTAAAC- 

TGTGGCAGGGTAAGTATA- 

TCTTGGAGTACTCTABGGG- 

CTTGAAGCAGGATAAGTT - 

GCACGTTTCTTGGAGG-3' 



5-ACAGCTCCAGYGAWCACYAG-3' 

5'-TGTAAAACGACGGCCAGTAGCG AGTGTGGAACCTGATC-3' 
5-TGTAAAACGACGGCCAGTGCAG CAGGATAAGTATGA-3' 
5'-CAGGAAACAGCTATGACCGCTY ACCTCGCCKCTGCAC-3' 

5-TCATGCTTTTGGCCAGACAG-3' 

5'-GGCGGACTCCCAGCTTGTA-3' 



DR Single Tube Amplification Primers 



OTDR-01 

OTDR-02/07 

OTDR-03/5/6/08/12 

OTDR-04 

OTDR-09 

OTDR-10 

OTDR-3-2 



TGTAAAACGACGGCCAGTCCCACAGCACGTTTCTTGTG 

TGTAAAACGACGGCCAGTCCCACAGCACGTTTCCTGT 

TGTAAAACGACGGCCAGTTTCACAGCACGTTTCTTGGAGTAC 

TGTAAAACGACGGCCAGTTACTAATCACGTTTCTTGGAGCAGG 

TGTAAAACGACGGCCAGTTCCACAGCACGTTTCTTGA 

TGTAAAACGACGGCCAGTTACTAATCACGTTTCTTGGAGGAGG 

CAGGAAACAGCTATGACCCRYGCTYACCTCGCCKCTG 



Sequencing Primers for both DR Methods (Group Specific and Single Tube) 

M13 Forward S'-TGTAAAACGACGGCCAGT-S' 
M13 Reverse 5'-CAGGAAACAGCTATGACC-3' 



DR Single Tube Amplification Primers 

OTDR-01 DRB1 5' Amp Primer TGTAAAACGACGGCCAGTCCCACAGCACGTTTCTTG 

OTDR- DRB1 5' Amp Primer TGTAAAACGACGGCCAGTCCCACAGCACGTTTCCT 

OTDR- DRB1 5" Amp Primer TGTAAAACGACGGCCAGTTTCACAGCACGTTTCTTG 

OTDR-04 DRB1 5' Amp Primer TGTAAAACGACGGCCAGTTACTAATCACGTTTCTTG 

OTDR-09 DRB1 5' Amp Primer TGTAAAACGACGGCCAGTTCCACAGCACGTTTCTTG 

OTDR-10 DRB1 5' Amp Primer TGTAAAACGACGGCCAGTTACTAATCACGTTTCTTG 
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FIGURE 2A 

A Locus exon 2 forward 

160 170 160 190 200 

CATCGC AG TGG G CT KG TGG ACGUUG CAG TTCGTG CGG TTCG 




FIGURE 2B 

A Locus exon 2 reverse 

40 350 360 370 390 

TCG CAGTGGGCTA CGTGGACGACA CGCAGTTCGtGCGGTTCGA 




FIGURE 2C 

B Locus Exon 2 Forward 



190 200 210 220 

ACCGG AACACACAG A TCTUCAAG RCCMASRCACAG A C T G ACCG AG 




FIGURE 2D 

B Locus Exon 2 Reverse 

290 300 310 320 

CCGGAACA CAC AGATCTW CAAGRCCHASR CACAGACTGA C CG AG 



003.454374.1 
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SeCore™ 
DESIGN CRITERIA 



POWERFUL HIGH 
RESOLUTION TYPING 



^Specific & Robust Chemistry 
^High Resolution and Low Ambiguity 
^Maximized Coverage of Alleles & Polymorphism 
^Reliable Detection of Alleles and Polymorphism 
^Flexile Throughput 
^Ease of Use 

'^Compatible to Various Laboratory Instruments 



ScCorc™ PCR 

'-"Carcfuiiy Positioned Target Specific Primers 

2 Internal Control Eliminates False Negatives 

a Fast Start Taq ON A Polymerase 

^ Robust Butler Condition - HQ ALLELE DROP OUT 

SeCore 7 '-' SEQUENCING 

^Optimized DYEnamic Tt ' ET Terminator 

Sequencing Chemistry 
^ Specific Sequencing Primers 
^ Appropriate Peak Intensity 

^ Robust Buffer Condition - NO ALLELE DROP OUT 
t'Clean Signals Generated in Proximity to Primer 



SeCore™ PROCEDURE 



Hands on Time 
1 hour 



1 



Walk Away Time 
7 hour 



A LOCUS SINGLE-TUBE FORMAT 
S=- — " *"~ 2KB 



B LOCUS TWO-TUBE FORMAT 
PCR AMPLIFICATION 

"•Resolves >50% of the Cis/trans Ambiguities 
-Higher Throughput Than multi-tube Approach 

P 2kb Amplicon 
5=5 s : 55 : ^ 700 bp Control 



NO ALLELE DROP OUT 




B LOCUS TWO-TUBE FORMAT 
SEQUENCING 





3 



DRB1 GROUP SPECIFIC FORMAT 
PCR AMPLIFICATION 



Internal Control (600bp) 



DRB1 GROUP SPECIFIC FORMAT 
SEQUENCING 



f^Wi.ra^i'/iimi^AWPim^lljlljl.Oi™! 



DRBro4 MSBM |MMffl 



□RBI-is ^M^^MBMS^BMK^, 



SOLVING DRB1 CODON 86 AMBIGUITY 

Sequencing Primer Distinguishes G Vs. T at 
Codon 86 From the Original DR Amplicon 




Compatible to Various ABI Genetic Analyzers 
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-APPENDIX ! 



Anthony Nolan Research Institute EXON IDENTITIES AND AMBIGUOUS TYPING COMBINATIONS 17 January 2003 



HLA-B 

Sequences identical 
Allele 1 
B*0705 
BM50I0101 
B*1512 
B*15I70101 
BM80101 
B*270502 
B*350I01 
B*390I01 
BM00I01 
B*40060101 
BM4020101 
B*47010101 
B*5I0I01 



over exons 2 + 3 
Allele 2 Allele 3 

B*0706 
B*15010102N 
BM519 
B*15170I02 
B*1817N 

B*27I3 B*270504 
B*3540N B*3542 
B*390103 
BM00102 
B*40060102 

B*44I9N B*44020I02S 
BM7010I02 

B*510105 B*5111N 



Allele 4 Allele 5 Code in table 

B*O7O5/0706 

B*15010101/B»I5010102N 

alleles not present in table 

alleles not present in table 

BM8O101/18I7N 

B*270502/270504/2713 

B*350101/3540N/3542 

B*390101/390103 

B MOO 101/400102 

B'40060101/40060102 

B*4427 BM4G1 

BM7010101/47010I02 

B*5130 B*5132 B*51GI 



Ambiguous typing combinations over exons 2 + 3 



Combination 1 
B*07020l + B*080l 
B*O70201 + B*O812 _ 

B»07020l + B*1402 
B*070201 + B*14060l 



Combination 2 
B*0705/0706 + B*0807 
B*0707 + B*0801 

B*0726+B*1403 
B*0707 + B*1405 



Combination 3 



Combination 4 



b*07020L+;B*15010 101/B* 1501 0I02N * 



B*0709 +B*1563 .V . > .B»0707:+B*1507 



BW026lSffi*l 5(53 BW07 + B*1545 

BpO2&l^7*0J^r 
b*07020l+'B*2715 : 0 w 
B*070201 + B*35010l73540N/3542 

B*O7O201 + B*3503 
B*07020l + B*3504 
B*070201 + B«3506 
B*070201 +B*350902 
B*070201 +B*3512 
B*070201 +B*3527 
B*070201 +B*390101/390103 
B'07020l+B*3907 



vl _, : : ft*0724^B5g40^L 



i , n : B*07 26^B^5iS5 



^?6721^B^%5d37WH L ^7^B »072^B»270^ 0l^^ , - - B^ 7Q202 + B*270503i 

B*0709 + B*3534 B*0724 + B*3515 B*0726 + B*3508 

B*0718 + B*3505 
B*0724 + B*3533 



B*0705/0706 + B*3534 
B*0705/0706 + B*3503 
B*0726 + B*3518 
B*0705/0706 + B*3539 
B*07ll +B*3534 
B*0705/0706 + B*3915 
B*070203 + B*3907 



B*0712 + B*3522 



B*0707 + B*3903 
B*0729 + B*3907 



B*0721 +B*3907 




B*070201 +B*4803 
B*070201 +B*51GI 
B*070201 + B*5t0201 
B*070201 + B*5108 
B*070201 +B*5109 
B*070201 +B*5121 



B*0707 + B*4801 
B*0724 + B*51I6 
B*0724 + B*5I34 
B^0725 + B*5129 
B*0724 + B*5I31 
B*0731 +B*5I16 



B*0721 +.B*< 



B*0726 + B*5129 



•B*070201 + B*5123 

j&WMOf { B*570301^ : 

B*0701*#>r^ 

)B*070?+ B?150K: " ' \. 
^•0703^%y8Qlp[l/!?l7N Z 
B*O703 + B*350i01/3540N/3542 
B*0703 + B*3905 
B*0703 + B*3913 

foK0^mQ0J9»lQ2 J ^ 
B*0703 + B*5108 

B*0704 + B*0813 
&^7WfB^50^" : ^ 

^^4^2705^70504^713 
B*0704 + B*3 50 1 0 1 /3540N/3 542 
B*0704 + B*3503 
B*0704 + B*3524 
JB*0704 ^ B*44030 1> ; V 



B*0704 + B*5109 
B*0704 + B*5131 
B*0704 + B*5301 

fe!^Q4SB*55flO 

B»0704 + B*5802 

BW05/0706 + B*350101/3540N/3542 
B*0705/0706+B*3527 
B*0705/0706 + B*3543 

B*0705/0706m*4020 



B*0720 + B*5134 
:: ^0^6^^7Q2 
i%B^<nfeB«60i$ 
SSti!071^B*1570 
V B*071fr*B*i561 

; t Bf0708;+B?i5iioi; 

^07I6 + B?1803 
B*0716 + B*3529 
B*0716 + B*39010l/390103 
B*0716 + B*390202 
T::^0716^BMO43; 
B*0716 + B*5l20 

B*0726_+B*080l 
-^BW25^B*1539i 

B*0725 + BM815 
1 Bi0725>B*2710 

B*0725 + B*3511 

B«0726 + B*3538 

B*0725 + B«3521 

B*0726.+ B*44Gl! 
V' S*0731 +'B*4421j 

B*0725 + B»5iGl 

B*0725 + B*5116 

B*0725 + B*5308 

B*0725 + B*5806 
B*0709 + B«3504 
B*0711 + B*3504 
B*0709 + B*3544 



B*0726 + B*5108 




B*0707 + B*5104 B*0718 + B*5106 

B*0709 + B*3527 B*0711 + B*35010l/3540N/3542 

$*0fm MO® ^ 1*7 7. W fytftfm *401 8 

B^Soiip^^ 

B^70S^404?^ -V ^ ^ ^ . i; : B*0717M;BM033 

B*0709 + B*5301 B*071 1 + B*5305 
B*&7$^ 

BW^B^r5010i01/BM5010102N ;. r ? ^B*0724 ^BM514 

B*0720 + B*3508 B*0724 + B*3545 



B*0720 + B*3515 



B+0726 + B*3545 



B*0720 + B*5 10201 B*0724 + B*5123 

B*0720 + B*5802 _ B*0724 + B*5807 

jwmm&o^d: ^:^'^-^m^ , 

B»0724 + B*5121 B*0731 + B*51G1 




B*0801+B» 140601 B*0812 + B*1405 



^Ml2+iB!15Q7 



^♦08tfl*BM504 : " 



vB^04^B*1508 




^OWi^BilW?^ ■ V ; 
B~*08bl +B*3503 
B*0801 + B«3520 
B*0801 +B*3534 
B*0801 + B*3537 
B*0801 + B*3539 
B«0801 + B*380201 
B*0801+B*39010l/390103 
B*0801 + B*390602 
B*0801 +B*3915 
B*0801 +B*3927 
b*08'M +B*400101/400102 



B^0815^*l^II)l/18i7N 

B*0813+B*3538 
B*0804 + B*35010I/3540N/3542 
B*0807 + B*3504 
B*0809 + B*3505 
B*0807 + B*3512 
B*0802 + B*3905 
B*0812 + B*3903 
B*0809 + B*3903 
B*0807 + B*390101/390103 
B*08j5 + B»390101/390103 
^B*0804^Bf4067 



B*0804+_BM80? 



B*0807 + B*3506 




B*0801 + B*4204 ^ _ 

B*0801 + BM803 
p*08&i^*49<fc! ^ ^ 

B*080l +B + 5107 
B*0801 +B*5109 
B*080l+B*5309 
B*08Q1 M3?55M >? 



B*0809 + B*4201 

B*0812 + BM801 
| ^B^8QZfBJ^i 
~ ^B*0804 + B*51G1 
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B*51GI+B*5!3l 



BnooiTM^jroii 

B^OOl +B*5607 
B^pO^BfJJWOT 
B*5002 + B*57030l 
B?5P02*B*5802 
B*5IOlti2 + B*510201 
B*5110 + B*5133 
B*510104 + B*5113O2 
B*5109 + B*5116 



.B*5IGI**-B*5I34 
B*5IG1 + B*52010l 
B*5IG1+B*5301 
B*51G1 + B«5308 
B*5lGl+B*5502 
B*$1G£+<B*560I *r 

B?5IOlCB^610- S 

B*51G1 + B*5802 
B*51G1+B*780201 
B*51G1+B*7803 
B*51G1 + B*7805 
B*510102 + B*5I34 
B*510102 + B*5301 
B*51O1O2 + B*7805 
B*510201 +B*5I31 
B*5t020l + B*520101 

B*5l020l + B*5*807 
B*5IO2Ol + B»78O201 
B*51O5 + B*5306 
B*5I05 + B*780202 
B*5108 + B*7801 
fe v 51ft¥tf*5609 "V 

B*5H6 + B*5301 
B*51Tfi ^*55<)2 ; C 
B*5116 + B*5802 
B*520102 + B*7804_ 
B«5301 + B*5501 
B*5301*:B*5502 



B*51020l+B*5116 
B*510102 + B*520102 
B*5109 + B*5308 
B*510202 + B*5306_ 
B*5121+By6dt\_ 

> B?5121 +Bf5jS0? 
X-'" B*53Q4:+E 

B*5109 + B*5806 
B*510102 + B*780202 
B*5I22 + B*7801 
B*52010l+B*780202 
B*510202 + B*5116 
B*510202 + B*5302 
B*520101 + B»78020I 
B*5109 + B*5!34 
B*510202 + B*520102 
_ B?5123+B*57630i: 
B*5123 + B*5802 
B*510202 + B*780202 
B*5129 + B*5301 
B*5129 + B*7804 
B*5120 + B*780202 
c B*5301 +B?5601. 

B*5134 + B*5302 



B*510201 +B*5302 
"B*5109 + B*5501 



B*5606 + B*590I: 



B*5106 + B»5502; 



B*520102 + B*78020l 



B*5I3I + B*5308 



P*530Jl2ff*5§il ^ 
B*5301 + B*5806 
B*5501 + B*5802 
B*5502 + B^5602 
P*?7Q3M#B^80i7 



B*5131 +B*5806 
B*5203 + B*78020) 
B»5308 + 6*5502' 
B*5305 + B?55li 
B*5304^j*56QS! 
B*5308 + B*5802 
B*5502 + B*5806 
B*5601 + B*5610 

Alleles removed from analysis due to insertions or deletions 

Allele 

B*0808N 

BM307N 

B*3925N 

Alleles extended due to unsequenced regions 

The following alleles contain unsequenced bases in exons 2 and or 3. For analysis these bases have been designated N, to indicate any possible base. 

Allele 

B'0803 

BM527 

BM530 

BM531 

B*270503 

B*3510 

B*3907 

B*3911 

BM405 

BM505 

B*5110 

B*67O102 
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